Groundwater quality in Chennai city along the Cooum river, during the premonsoon (June-July) and postmonsoon (Dec-Jan) for three years, from 2009 to 2011, was analyzed. Groundwater samples were collected from 20 bore wells on either side of the river. The analysis focused on the determination of seven specific water quality parameters, namely, pH, EC, TDS, BOD, COD, Na and Pb, using standard procedures. The statistical analysis, like the mean and standard deviation, coefficient of variance, and correlation, and multilinear regression analysis of the obtained data were carried out. The analysis of the collected samples reveals that the stated water quality parameters have not complied with the WHO standards, and the water is not fit for drinking and domestic purposes. The correlation and multilinear regression analyses suggest that the conductivity has a significant correlation with the other six considered water quality parameters.
Introduction
Groundwater is a natural precious resource that sustains the basic needs of all living creatures. It cannot be created or supplemented electronically or hydrologically or by any other means [1, 2] . People living on earth suffer without potable water, though the earth is covered by 75% of water. Groundwater serves as a vital source for domestic, agricultural, and industrial uses [3, 4] . In Chennai city, the growing urbanization and rapid industrialization lead to the generation of huge quantities of waste water. The uncontrolled discharge of sewage, garbage, and industrial effluents into the downstream of the Cooum river, percolates through the soil and contaminates the Groundwater sources. As per the WHO [5] , about 80% of all the diseases in human beings are caused by impure water. The Cooum river originates in Tiruvallur district, traversing about 70 km and ends in Chennai city, draining into the Bay of Bengal. Of this 16 km, the study area falls within Chennai city. In Chennai district, the river flows through three corporation zones, namely, Kilpauk, Nungambakkam, and Triplicane.
The Cooum river is 80% more polluted than the treated sewage [6] . Hence, a periodic assessment of the Groundwater becomes necessary to ensure the suitability of water for drinking. Considering these aspects, the present study focuses on analyzing the specific water quality parameters of some groundwater samples on either side of the Cooum river within the city limits as shown in Figure 1. 
Experimental

Study Area.
The study area, along the Cooum river in Chennai district of Tamil Nadu, India, lies between latitude 13 ∘ 4 5.18 north and longitude 80 ∘ 17 9.06 east. The Cooum river is the starting point where the municipalities and town Panchayats that lie on either side of the river discharge both treated and untreated industrial effluents and domestic sewage in addition to the bathing of animals, human activities, washing of vehicles directly or by feeder drains into the 16 km length of the Cooum river [7] . People living near this area depend on bore wells for their daily requirement. The literature survey reveals that no Groundwater studies on bore wells close to the river were done so far. Hence, the study has been carried out on 20 different sites that cover the area of 16 × 2 km, which includes 10 sites on the left side of the river and 10 sites on the right side of the river, to assess the impact of the percolation of the river water flow on the Groundwater. The location of the sample sites was given in Tables 1 and 2 .
Collection of Samples.
Water samples were collected from the bore wells at a depth of 32-35 m below the ground level at 20 locations along the Cooum river. Two water samples were collected per year per sampling station covering both pre-and postmonsoon seasons. A total of 120 samples were tested and analyzed for a period of three years (2009-2011).
The collected samples were stored in cleaned and welldried brown polythene glass bottles (2.5 L), with necessary precautions (APHA, 1995) [8] . These bottles were labeled with respect to the collecting points, date, and time in order to avoid any error between collection and analysis. All the sample collections were immediately preserved in an icebox and brought to the laboratory for determining the specific water quality parameters.
Sample Analysis.
The collected samples were analyzed for specific water quality parameters such as pH, electrical conductivity (EC), total dissolved solids (TDS), biochemical oxygen demand (BOD), chemical oxygen demand (COD), sodium (Na), and lead (Pb) using standard methods as tabulated in Table 3 . The World Health Organisation (WHO) permissible limit of drinking water quality parameters were specified in Table 4 Tables 5 and 6 summarize the maximum, minimum, mean, and standard deviations and coefficient of variance (CV%) found in the different Groundwater samples for the pre-and postmonsoon seasons respectively. The correlation and multi linear regression analyses have also been carried out to find the correlation between the water quality parameters and are listed in Tables  7 and 8 .
Results and Discussion
3.1. pH. pH is a measure of the concentration of hydrogen ions (H + ) in water. Water with a pH value below 7 is said to be acidic, and water with a pH value above 7 is basic or alkaline in nature [9, 10] . For fish and aquatic life, the protection limit of the pH ranges from 6.0 to 9.0 The experimental values of the water samples were found to be between 6.71 and 8.31 during the premonsoon and between 6.6 and 7.7 during postmonsoon which are within the prescribed limit as suggested by WHO (Figures 2(a) and 2(b)). This shows that the pH of the water samples would not affect the domestic and aquatic system. The high pH value during the premonsoon indicates the surface water contamination resulting from the penetration into the Groundwater. The mean value of pH up to 7.548 ± 0.36026 and 7.2545 ± 0.284225 during the preand postmonsoon seasons indicates slight alkalinity nature, presumably due to the seepage of waste water from domestic use and industries. The maximum variance value during the premonsoon CV% = 5.948777 was found to be higher than that of the postmonsoon season, that is, CV% = 4.050786.
EC.
Electrical conductivity is a measure of concentration of ionized substances that convey electric current in water [11] . The higher EC indicates how strong is current flow based on the amount of total dissolved salts. In the present study EC values were found within the range of 498-2371 S/cm The maximum variance value during premonsoon CV% = 42.11 was found to be higher than that of the postmonsoon season, that is, CV% = 33.3672.
TDS.
TDS is a measure of the combined concentration of cations and anions [12] . The major components of TDS include bicarbonate (HCO 3 − ), sulphate (SO 4 2− ), hydrogen
(NO 3 − ), and phosphate (PO 4 3− ). The TDS of the Groundwater is mainly due to the vegetable decay and the disposal of effluents from industries. The TDS values of the sampling sites varied from 987 to 2892 mg/L and 905 to 2716 mg/L during the pre-and postmonsoon seasons. The present investigation shows that all the samples exceeded the limit prescribed by WHO, except the sample of the site SR10 (Figures 4(a) and 4(b) ). The mean values of the TDS were found to be 2073.5 ± 585.85 mg/L and 2007.3 ± 581.92 mg/L during the pre-and postmonsoon seasons. This reveals the high concentration of the TDS value during the premonsoon due to the evaporation of water. The Maximum variance value during the premonsoon CV% = 30.38904 was found to be higher than that of the postmonsoon season that is, CV% = 30.64991.
BOD.
The BOD values indicate the amount of organic waste present in the water [13] . The analyzed BOD values varied from 4.24 to 8.56 mg/L and from 4.3 to 8.97 mg/L during the pre-and postmonsoons, indicating that the value of BOD is higher during the postmonsoon season, presumably due to the percolation of industrial effluents and domestic wastes into the Groundwater. The sampling sites SL1, SL3, SL4, SR1-SR3, SR8 showed higher BOD values than those permitted by WHO (Figures 5(a) and 5(b) ). The mean value of BOD was 6.8995 ± 1.34 mg/L and 6.755 ± 1.27 mg/L during the pre-and postmonsoons which shows the presence of soluble salts in the sampling sites. The maximum variance value during the premonsoon of CV% = 20.38 was found to be higher than the postmonsoon seasons CV% = 19.32.
COD.
The COD level indicates the amount of toxicity in water [14] . The observed values of the COD in both the seasons from all the sampling sites were found to exceed the permissible limit (Figures 6(a) and 6(b) ). The analyzed COD values of the sampling sites varied from 11.1 to 24.8 mg/L and from 10.3 to 24.6 mg/L for the pre-and postmonsoon seasons. The observed COD value was higher during premonsoon the season, presumably due to the decreased flow of water during this period. The mean value of 19.72 ± 3.9 mg/L and 18.645 ± 3.99 mg/L indicates that the COD values were above the desirable limit during the pre-and postmonsoon seasons.
The maximum variance value during the premonsoon CV% = 20.3865 was found to be higher than the postmonsoon seasons CV% = 19.32. The analyzed COD values were found to be higher than the BOD values. This indicates the ample presence of chemically oxidizable substances of which the majority are nonbiodegradable [15] .
3.6. Na. The higher concentration of sodium in the Groundwater causes cardiovascular diseases and toxemia in pregnant women [16] . The sodium of the water samples collected lies in the range of 130-313 mg/L and 120-313 mg/L during the pre-and postmonsoon seasons. The mean values of 230 ± 57.54 mg/L and 216.3 ± 58.22 mg/L during the pre-and postmonsoon seasons show that domestic discharge may contribute to increase the sodium content through leaching [17] . The present analysis shows that the sampling points SL1-SL4, SR1-SR5, SR8, SR9 (Figures 7(a) and 7(b)) exceed the permissible value. The maximum variance value during the premonsoon of CV% = 25.01 was found lower than that of the postmonsoon season, that is, CV% = 28.14.
3.7.
Pb. Lead (Pb) is a heavy metal gets into the environment through waste water or solid waste disposal. High concentration of lead causes kidney damage, bone damage, and nervous disorder [18] . The lead concentrations in the samples were found to be between 0.025 and 0.087 mg/L and between 0.03 and 0.083 mg/L for the pre-and postmonsoon seasons, respectively (Figures 8(a) and 8(b) ). The present study shows that all the samples obtained from the adjoining bore wells were above the permissible limit;
the mean value of Pb is above the limit due to the seepage of the Cooum water into the Groundwater and indicats its toxicity during the pre-and postmonsoon of seasons (0.0642±0.014 mg/L and 0.0578±0.014 mg/L). The maximum variance found during the postmonsoon of CV% = 26.80 
Statistical Analysis.
The statistical relationship between the water quality parameters was examined, through the analysis of the linear correlation method [19, 20] . The correlation coefficient between two parameters, and , is determined using the following equation:
where = values of the -variable; = values of the -variable; = number of data points.
A positive correlation exists when an increase in the value of one parameter is associated with a corresponding increase in the value of another parameter. The correlation matrices for all the samples of three years during pre-and postmonsoon seasons are listed in Tables 7 and 8 . According to the guidelines, the correlation is good if > 0.6 and marginal if 0.47 < < 0.6. The conductivity shows a significant correlation with the other parameters, like TDS, BOD, COD, Na, Pb with ( > 0.7610) and ( > 0.821) during the pre-and postmonsoon seasons except the pH. The correlation between the pH and Na ( > 0.278) and ( > 0.333) during the pre-and postmonsoons indicates the level of bicarbonate and carbonate of sodium in the Groundwater samples, and hence, the presence of alkanity of the water [21] . The BOD and COD shows a good correlation with ( > 0.668) and ( > 0.676) during pre-and postmonsoons. The high degree of association between the TDS and Na ( > 0.926 & > 0.843) during the pre-and postmonsoon seasons indicates the anthropogenic activities such as discharge of sewage, which percolates and mixes with Groundwater [22] .
Multivariate methods like cluster analysis, factor analysis, principal component analysis, discriminate analysis, neuron net classification, and multiple regression analysis have been successfully used in water quality analysis without much loss of information to a reasonably manageable data set [23] [24] [25] . In the present study, the statistical multiple regression models have been used for predicting the correlation between the independent variables and the dependent variable. However, multiple regression is very sensitive to outliers, and models developed for one area may not be suitable for different area [26] . Despite its limitations, the multiple regression is used to evaluate Groundwater samples, since, it generates minimum data set of indicators and is also easy to implement and interpret [27] . The six selected independent variables pH, TDS, BOD, COD, Na, and Pb and a dependent variable EC were used as input data in the following multiple linear regression equation [28, 29] . Electrical conductivity is selected as a dependent variable based on the correlation analysis studies. The following equation predicts whether the dependent variable EC is related to more than one independent variable. Consider the following:
where 1 , 2 , and denotes the independent variable, stands for the dependent variable, 0 represents the intercept 1 , and represents the regression coefficients of the variables.
The multilinear regression analysis was carried out by using the IBM Statistical Package for Social Science (SPSS) software. The estimated 2 value and values of this model are represented in Table 9 . The high 2 ( 2 > 0.892 & 2 > 0.969) during the pre-and postmonsoon seasons indicates that the conductivity has a very good correlation with the other chosen parameters. The variance ratio of the values is high indicating a significant correlation of EC with the other parameters.
Conclusion
The results of the study indicate that the bore wells in the adjoining areas of the Cooum river are highly polluted, and hence the groundwater of the study area is unfit for domestic use. The analysis in respect of seven parameters, namely, pH, EC, TDS, BOD, COD, Na, and Pb, reveals that more than 90% of the water samples have exceeded the drinking water permissible limit prescribed by the WHO, except the pH. The result of the correlation and multilinear regression analysis shows that the conductivity has high significant correlation with the other parameters. The concentrations of EC, TDS, COD, Na and Pb increased every consecutive year, compared to the first year of the study period. This indicates the increase in the pollution load due to the intrusion of domestic sewage and industrial effluents into the Groundwater. Hence, consistent monitoring measures are essential to assess the impact of the percolation of the wastewater, causing contamination of the groundwater in the study area, and a preventive mechanism coupled with remedial measures is necessary for the benefit of mankind.
